The antioxidant (free radical scavenging activity, reducing power and lipid peroxidation 
Introduction
Novel functional foods with health promoting natural ingredients instead of synthetic additives have been intensively developed and commercialized by food industry (Carocho, Barreiro, Morales & Ferreira, 2014; Caleja et al., 2015) . Furthermore, there is an increasing concern among consumers to seek healthier and "natural" foods to avoid a series of food safety risks that have become a global problem (Sarig et al., 2003) . Food additives are widely used for various purposes in order to improve the appearance, flavour, colour, texture or shelf life of the food, making this the most desirable form to the consumers' eyes. However, several studies have shown that consumption in excess can be harmful to health due to some toxicity effects (Randhawa & Bahna, 2009; Carocho et al., 2014) .
There is a tendency for consumers to choose minimally processed foods instead of processed ones, or with minimum incorporation of synthetic additives, which are being passed over by natural ones. Natural additives include compounds or extracts from plants used to improve the qualities of food. One of the most studied effects of these additives is the antioxidant activity (Rasooli, 2007) . Besides the importance of antioxidants as natural conservation ingredients, these compounds/extracts can also bring bioactive properties to food. Natural extracts rich in phenolic compounds arise as promissory alternatives to plant essential oils that, sometimes, could display toxic effects (Zapata & Smagghe, 2010; Assis, Gondim, Siqueira & Câmara, 2011) .
authors (Barros et al., 2013) . Double online detection was carried out in a diode array detector (DAD) using 280 at 370 nm as preferred wavelengths and a mass spectrometer (MS) connected to the HPLC system via the DAD cell outlet. The phenolic compounds were identified by comparing their retention time, UV-vis and mass spectra with those obtained from standard solutions, when available. Otherwise, peaks were tentatively identified comparing the obtained information with available data reported in the literature. The results are expressed in mg/g of lyophilized decoction.
Antioxidant properties
The lyophilized decoctions were re-dissolved in water (5 mg/mL) and successively diluted until determination of EC 50 values (sample concentration providing 50% of antioxidant activity or 0.5 of absorbance in the reducing power assay).
DPPH radical-scavenging activity and reducing power were evaluated using ELX800 microplate Reader (Bio-Tek Instruments, Inc., Winooski, VT, USA) at 515 and 690 nm, respectively. β-Carotene bleaching and lipid peroxidation (thiobarbituric acid reactive substances, TBARS) inhibition were evaluated spectrophotometrically at 470 and 532 nm, respectively. The complete protocols were previously described by the authors (Barros et al., 2013) . Trolox was used as positive control in all the assays.
Antimicrobial properties
Antibacterial activity was evaluated against Gram-negative bacteria: Escherichia coli cyclopium (food isolate), and Trichoderma viride (IAM 5061), following the procedure previously described by the authors (Sokovic & van Griensven, 2006) . The minimum inhibitory (MIC) and minimum fungicidal (MFC) concentrations were determined following the same reference. Bionazole and ketokonazole were used as positive controls.
Development of the functional food

Preparation of cottage cheese by incorporation with chamomile-based natural ingredients
All the samples of cottage cheese were prepared by "Queijos Casa Matias Lda." (one of the main producer companies of "Serra da Estrela" cheese; being the latter the most famous Portuguese cheese). Three groups of samples were prepared (cottage cheeses with 250 g): control samples (cottage cheese without the chamomile-based natural ingredient); samples with the chamomile decoction (it was incorporated in cottage cheese at EC 25 value previously determined by DPPH assay: 0.165 mg/mL, corresponding to 0.495 g for each 250 g cottage cheese sample); and samples with the chamomile powder (it was incorporated at 0.644 mg/mL, considering the decoction yield of 25.6%, corresponding to 1.932 g for each 250 g cottage cheese sample).
Samples corresponding to each group were pooled together and further divided in three subgroups, which were submitted to individual extraction procedures.
Evaluation of nutritional composition, colour and antioxidant activity along storage time
The samples (three different cottage cheeses for each storage time) were submitted to an evaluation of nutritional composition, colour and antioxidant activity, immediately after the incorporations and after 7 and 14 days of storage at 4 ºC.
The samples were analyzed for proximate composition (moisture, protein, fat, carbohydrates and ash) using the AOAC (2005) procedures. The crude protein content (N × 6.38) of the samples was estimated by Kjeldahl method; the crude fat was determined by extracting a known weight of powdered sample with petroleum ether, using a Soxhlet apparatus; the ash content was determined by incineration at 600±15 ºC.
Total carbohydrates were calculated by difference. Total energy was calculated according to the following equation: Energy (kcal) = 4 × (g proteins +g carbohydrates) + 9 × (g lipids).
Fatty acids, free sugars and organic acids were determined by gas-chromatography coupled to flame ionization detector (GC-FID), HPLC coupled to a refraction index (RI) detector, and HPLC coupled to a photodiode array detector (PDA) at 215 nm and 245 nm (for ascorbic acid), respectively, according to previous analytical validation and detailed description by the authors (Barros et al., 2013) . Fatty acids were identified by comparison with standards and the results were expressed in relative percentage of each fatty acid. Free sugars were identified by comparison with standards, and further quantified (g/100 g of cottage cheese) by using the internal standard (melezitose).
Organic acids were identified and quantified (g/100 g of cottage cheese) by using calibration curves from commercial standards.
The colour of the samples was measured in three different points, for each sample, by using a colourimeter (model CR-400, Konica Minolta Sensing Inc., Tokyo, Japan).
Using the illuminant C and diaphragm aperture of 8 mm, the CIE L*a*b* colour space values were registered using a data software "Spectra Magic Nx" (version CM-S100W 2.03.0006) (Fernandes, Antonio, Barreira, Oliveira, Martins & Ferreira, 2012) .
For evaluation of antioxidant activity, the samples were submitted to DPPH and reducing power assays, previously mentioned.
Statistical analysis
All the experiments were performed using three independent samples, being three different extracts obtained from each sample (n=9) and all the assays were carried out in triplicate. In the assessment of differences among antimicrobial assays, results were evaluated using 1-way ANOVA. The homogeneity of variance, was tested by means of the Levene's tests. All dependent variables were compared using Tukey's honestly significant difference (HSD) or Tamhane's T2 multiple comparison tests, when homoscedasticity was verified or not, respectively.
Regarding the evaluation of the effects of functionalizing agent and storage time, an analysis of variance (ANOVA) with type III sums of squares was performed using the Repeated Measures Analysis procedure of the General Linear Model. Since the independence of variables could not be assumed, it was need to verify the sphericity criterion, which evaluates if the correlation between treatments is the same, assuming that variances in the differences among conditions are the same. Sphericity was evaluated trough the Mauchly's test; every time the sphericity assumption was violated, the Greenhouse-Geisser correction was applied. A 2-factor×3-levels matrix was studied.
All the statistical analysis were carried out using SPSS v. 22.0 program (IBM Corp., Armonk, NY, USA).
Results and discussion
Chemical characterization, antioxidant and antimicrobial properties of chamomile phenolic-enriched extracts
Up to nineteen phenolic compounds, including phenolic acids and flavonoids were detected in the M. recutita decoctions ( Table 1) Most of these compounds have been previously described in M. recutita samples by different authors (Mulinacci et al., 2000; Nováková et al., 2010; Lin & Harnly, 2012; Raal et al., 2012; Guimarães et al., 2013; Matić et al., 2013; Avula et al., 2014; Zielinski et al., 2014; Xie et al., 2014) .
Compounds 1 ([M-H]
-at m/z 341) yielded a fragment at m/z 179 (caffeic acid) from the loss of 162 mu (hexosyl moiety), which allowed the tentative identification as caffeic acid hexoside. Compounds 11 and 12 were identified as cis and trans isomers of 3,5-Odicaffeoylquinic acids, respectively. These compounds presented a similar fragmentation pattern to the ones previously reported by Guimarães et al. (2013) . MS compounds with similar characteristics were also detected in E. breviscapus samples (Zhang et al., 2007 Liao et al., 2010) , which were respectively identified as erigoster B (3,9-diCDOA) and 4,9-diCDOA (or 3,4 diCDOA), so that those identities were tentatively assumed for the compounds observed in our case. The
pseudomolecular ion of compound 19 ([M-H]
-m/z at 705) could be associated to 3,4,9-triCDOA (Zhang et al., 2007 or to a diCDOA glucoside, as reported by Liao et al. (2010) . In our case, an identity as 3,4,9-triCDOA was assumed taking into account that for the diCDOA glucoside an elution earlier to the diCDOAs should be expected due to its greater polarity.
The four remaining compounds (7, 10, 16 and 17) (Kunde & Isaac, 1979; Nováková et al., 2010; Haghi et al., 2014) , so that a tentative identity as isorhamnetin-O-dihexoside and isorhamnetin-O-acetylhexoside has been assumed for peaks 7 and 16, respectively. In our knowledge, such compounds have not been reported in M. recutita. There are available in the literature several reports on the antioxidant activity of chamomile essential oils (e.g., Gawde, Cantrell, Zheljazkov, Astatkie & Schlegeld, 2014; Formisano, Delfine, Oliviero, Tenore, Rigano & Senatore, 2015) , however, studies with other kind of extracts are not so frequent. Among the antioxidant activity assays chamomile extract showed to be more active against TBARS, which EC 50 values were close to those obtained with the standard trolox (Figure 2A) . DPPH scavenging activity and reducing power of the decoction was similar to the ones previously described for methanolic extracts (Guimarães at al., 2013) , while the lipid peroxidation inhibition, measured by β-carotene bleaching and TBARS inhibition assays, was higher in the present study. Roby et al. (2013) 
Incorporation of chamomile-based natural ingredients in cottage cheese
Three groups of cottage cheese were prepared: the control (samples without any chamomile-based ingredient), the samples with the characterized chamomile phenolic extract obtained by decoction and also the samples incorporated with chamomile powder (this group was prepared in order to evaluate if the decoction process would be necessary or if it would be enough to incorporate the all plant instead of an extract). All the samples were evaluated for nutritional characteristics, colour and antioxidant activity.
Effects on nutritional parameters
In all the evaluated parameters, it was intended to verify the effects of functionalizing agent, independently of the number of days kept in storage, as well as the specific effect of the storage time, irrespectively of having plain cottage cheese or one the prepared functionalized products. Thereby, results were compared through a 2-way ANOVA,
following the generalized linear model coupled to the repeated measures analysis technique. In this analysis, it is important to check for the homogeneity of variances in the measures done for each assayed condition. Since the independence of variables cannot be assumed, the former requirement was evaluated by the Mauchly's sphericity test.
The results for moisture, protein, fat, carbohydrates and energy in the prepared cottage cheeses are presented in while those prepared with chamomile powder gave higher moisture contents.
The significant interaction among factor was also observed for all studied fatty acids (Table 2) , which were also significantly changed by each individual factor (p < 0.05).
In all samples, the predominant fatty acids, independently of being added with chamomile-based ingredients, were palmitic (C16:0) and oleic (C18:1acids (Table 2) , which is also supported by studies with other kinds of cheese such as Portuguese "coalho" cheese (Queiroga et al., 2013) and French goat milk cheeses (AFSSA, 2010).
The order of abundance in fatty acids was saturated fatty acids (SFA), followed by monounsaturated fatty acids (MUFA) and polyunsaturated fatty acids (PUFA).
After a careful observation of the obtained data, and despite the detected significant differences, the effects caused by either FA or ST were very low in magnitude, indicating that the fatty acids profile of cottage cheese is not severely affected by both factors.
Effects on colour and antioxidant parameters
In the case of colour parameters, the interaction among factors was not significant for L* and b*, allowing to identify the exact way how each of the parameters is affected by the assayed conditions. Lightness (L*) diminished along ST, being also lower in those samples prepared with chamomile powder. Similar L* values were described in studies with ricotta cheeses (Pizzillo, Claps, Cifuni, Fedele & Rubino, 2005) and "coalho" cheeses (Queiroga et al., 2013) . For a* parameter, which is a direct indicator of redness, The appearance of the different cottage cheese samples after 14 days of storage is shown in Figure 3 , where it can be observed that only the control sample showed signs of degradation.
The incorporation of chamomile-based ingredients improved the antioxidant activity (DPPH scavenging activity and reducing power) of plain cottage cheese samples (Table   3) , without great differences among chamomile powder and decoction. Along the shelf life, DPPH scavenging activity showed a slight decrease, while reducing power showed a high increase, which might be related with the decrease in lactose (Table 2 ) and the consequent release of their reducing monomers. Another study conducted in our laboratory (Caleja et al., 2015) showed that the incorporation of a fennel (Foenniculum 
Conclusions
The CDOA-caffeoyl-2,7-anhydro-3-deoxy-2-octulopyranosonic acids. a Significance value for the tests of between subjects effects. When sphericity assumption was not met (p<0.05), the p-value was obtained from the Greenhouse-Geisser correction. b The presented value corresponds to the maximum assayed concentration, since it was not possible to reach 50% of activity up to that concentration. The results of control cottage cheese samples were previously published by the authors (Caleja et al., 2015) . 
